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The metabolism of testosterone administered to
human subjects was studied soon after the isola-
tion and synthesis of the testicular steroid hor-
mone. In 1939, Dorfman, Cook, and Hamilton
(1) and Callow (2) almost simultaneously re-
ported the isolation of androsterone and etiocho-
lanolone in the urine of men receiving testosterone
propionate. During the 1940's, Lieberman, Do-
briner and their co-workers (3-5) published ex-
tensive studies on steroids in human urine related
to the metabolism of testosterone. West and his
colleagues (6, 7) not only studied the urinary
metabolites following the intravenous administra-
tion of testosterone (in human serum albumin),
but in addition reported studies on the clearance
from blood of testosterone and its metabolites (17-
ketosteroids). All of the investigations cited were
performed following the administration of very
large, and hence unphysiological, doses of tes-
tosterone.

It was not until methods were developed for the
synthesis of labelled testosterone that it became
possible to study the metabolism of the hormone
administered in physiological doses. Gallagher,
Fukushima, Dobriner and their associates were
the first to report observations on the metabolism
of C14 and deuterium labelled testosterone (8-11).
The amounts of testosterone administered by these
investigators approximated, in most cases, the
quantity of hormone calculated to be excreted by
the testes. Fukushima, Dobriner, Gallagher, and
Bradlow (10, 11) reported that the preponderant
part of the administered labelled testosterone ap
peared in the urine with small amounts in the
feces. The authors did not report on the radio-
activity in blood.
The biliary excretion of steroids in human sub-

jects has not been studied extensively. Such
studies are of importance in the elucidation of tes-
tosterone metabolism in man, since it has been
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demonstrated that following the administration
of non-labelled or Q'-testosterone to animals
(dogs, rats, mice) most of the androgenic material
or radioactivity appears in the bile or feces (12-
14). In guinea pigs, however, most of the radio-
activity following the administration of Q4-testos-
terone has been found in the urine (15). A study
of biliary excretion of steroids in human subjects
following the oral administration of unlabelled
testosterone propionate was reported by Rubin,
Dorfman, and Miller (16). No increase in biliary
excretion of either 17-ketosteroids or androgens
was found. On the other hand, following the ad-
ministration of estradiol dipropionate they found
definite evidence for biliary excretion of its
metabolites.
The present paper presents the results of stud-

ies on the metabolism of 4-C4-testosterone in 20
adult human subjects of both sexes. The group
includes five patients with bile-fistulas, three pa-
tients with carcinoma of the prostate, four patients
'with cancer of the breast, one patient with malig-
nant melanoma, and seven normal subjects. In
addition to the urinary and fecal excretion of ra-
dioactivity following the administration of 4-C14-
testosterone, data are presented on biliary excre-
tion in five patients with bile-fistulas and on the
clearance from plasma of free and conjugated ra-
dioactive metabolites of 4-C4-testosterone in 17
subjects. In following reports characterization of
the metabolites in plasma, bile and urine will be
presented.

MATERALS AND METHODS

4-C4-testosterone (specific activity, 5 iC per mgmn),
synthesized according to the method of Fujimoto (17),
was obtained from two sources.2 When the prepara-
tions were chromatographed in our laboratory, over 99
per cent of the radioactivity, determined in an Actigraph

2We wish to thank Dr. George I. Fujimoto for the
4-C'-testosterone used in the original part of the study.
The remainder of the 4-C4-testosterone was secured from
Raychem Laboratories, Elmsford, New York.
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(Nuclear Chicago), was located in the area corresponding
to that of standard testosterone.
The 4-C14-testosterone was dissolved in absolute

ethanol (1 to 2 ml.) and diluted with saline (25 ml.)
before intravenous (I.V.) injection. The I.V. administra-
tion (1 to 5 tC) usually lasted 1 to 2 minutes and the
middle of the injection was taken as "zero" time. Blood
samples of 30 ml. were drawn 15, 30, 60, 120 and 240
minutes after injection. Heparin was used as an anti-
coagulant (1 to 2 mgm. per 30 ml. of blood).

Immediately following the withdrawal of blood, the
plasma was separated from the red blood cells. The
plasma was extracted 3 times with equal volumes of
freshly redistilled chloroform and this fraction was la-
belled as "free radioactive steroids." The residues (I)
following chloroform extraction were then extracted
twice with large volumes (100 to 150 ml.) of ethanol and
discarded. The alcohol was evaporated by an air-stream
(at 450 C) and the residue (II) dissolved in water (30
to 50 ml.). The solution was then adjusted to pH 5 0.1
(acetate buffer) and ,-glucuronidase added (300 units
per ml.). Following incubation for 48 hrs. at 37° C, it
was extracted 3 times with freshly redistilled chloroform.
The chloroform was evaporated by a stream of air and
the residue comprised the "glucuronide fraction." The
remaining solution (III) was adjusted to pH 0.8 to 1.0
with 65 per cent sulfuric acid and extracted continuously
with ether for 48 hours. This ether extract was called
the "sulfate fraction." The aqueous solution (IV) was

made 5 per cent with respect to sulfuric acid, refluxed
for 30 to 45 minutes, cooled and extracted in a separatory
funnel with ether (3 times).

Bile was collected from patients who had undergone
cholecystectomy with insertion of a T-tube into the com-

mon bile duct. Complete bile collections were assured by
a suction apparatus attached to the T-tube, and by the

FIG. 1. THE PERCENTAGE OF RADIOACTIVITY EXCRETED
IN THE URINE, STOOL AND BILE FOLLOWING 4-C14-TESTOS-
TERONE ADMINISTRATION
No stool collections were secured from subjects P. M.,

F. P., and C. E. Bile-fistula patients J. S. and H. M. had
negligible radioactivity in the stools.

appearance of acholic stools during the period of investi-
gation. The patients had normal liver functions pre-
operatively and the C14-testosterone was injected at least
3 days postoperatively.
The bile and urine samples were processed in essentially

the same manner as the plasma samples except for the
following. The free radioactive steroids were extracted
with ether instead of chloroform; following the incuba-
tion with fi-glucuronidase the steroids were extracted
continuously for 48 hours with ether.
The feces were collected for at least 5 days following

the administration of the radioactive testosterone and
were mixed with large volumes of ethanol in a Waring
blendor and centrifuged. The extraction was performed
three times. The alcohol was evaporated and the samples
handled similarly to the urine samples.

Radioactivity was measured in a windowless gas flow-
counter. A correction for self-absorption was made us-

ing suitable calibration curves for inorganic (urine) and
organic residues.

The calculation of the total counts in the urine was

based on a self-absorption correction curve obtained by
the addition of the radioactive steroid to varying amounts

of non-radioactive urine. The standard error of these
counts did not exceed 5 per cent. The unextracted counts

represent the difference between the total counts in the
urine and the extractable counts. In those specimens in
which the unextractable counts constituted a significant
part of the radioactivity (for example, the 4 and 8-hr.
specimens of subject J. L. in Figure 2; the 4, 8 and 12-hr.
specimens in subject F. K.; the 4-hr. specimen in sub-

TABLE I

Patient Sex Age Diagnosis

D. S. F 39 Normal
F. K. F 27 Normal
I. H. F 38 Normal
S.A. M 27 Normal
C. P. M 24 Normal
P. M. M 25 Normal
D. P. F 29 Normal
J. L. F 40 Normal
J. M. M 73 Carcinoma of prostate with metastases
F. U. M 66 Carcinoma of prostate, orchidectomy
E. L. M 75 Carcinoma of prostate
Z. D. F 46 Carcinoma of breast
E. S. F 35 Carcinoma of breast
C. E. F 50 Carcinoma of breast, NPN 69 to 101

mgm. per cent, albuminuria, patient
receiving 100 mgm. testosterone pro-
pionate 3 times weekly I.M., gener-
alized metastases

F. P. M 24 Malignant melanoma
H. M. M 50 T-tube drainage, cholecystectomy for

cholecystitis
J. J. M 38 T-tube drainage, cholecystectomy for

cholecystitis
B. H. F 52 T-tube drainage, cholecystectomy for

cholecystitis
W. F. F 69 T-tube drainage, cholecystectomy for

cholecystitis
M. R. F 60 T-tube drainage, cholecystectomy for

cholecystitis, cancer of breast
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FIG. 2. ExcRroN OF RADIOACTIVITY IN THE URNE FOLLOWING THE INJECTION OF C14-TESTOSTERONE
The numbers refer to the number of hours covered by the period of collection.

ject D. P.; etc.) the urine residue, following the various
hydrolytic and extraction procedures, was counted. In all
cases 80 to 85 per cent of the calculated counts was
present in the residues.

RESULTS

In Table I are shown some of the clinical data
on the subjects given I.V. 4-C14-testosterone.

In Figure 1 is graphed the percentage of the in-
jected radioactivity excreted in the urine, feces,
and bile. The amount excreted in the urine in 48
hours ranged (exclusive of the bile-fistula pa-
tients) from 71 to 117 per cent (average 89 per
cent). The total radioactivity excreted in the urine
of normal subjects did not differ significantly from
that of patients with cancer.

In Figures 2 and 3 are shown the percentages
of the injected 04-testosterone excreted in the
urine during certain time periods following the
injection of the steroid. In addition, the amounts
of steroid metabolites extractable following various
hydrolytic procedures are shown. It is apparent
that a preponderant part of the injected testos-
terone is excreted in conjugated form, primarily
as the glucuronide. Except in a few urine samples
where, for some reason as yet unknown, large
amounts of free metabolites were present, sul-
fate-conjugated metabolites of testosterone con-

stituted an unimportant part of the radioactivity
excreted. A significant part of the radioactivity
could not be extracted- from the urine even after
strong acid hydrolysis.

It is apparent from Figures 2 and 3 that most of
the radioactivity following CG4-testosterone ad-
ministration was excreted in the first 4 hours.
An exception was noted in C. E., a patient with
carcinoma of the breast, with impaired renal and
liver functions, and receiving large amounts of
testosterone propionate intramuscularly, who ex-
creted the major part of administered radioactive
steroid during the second 12-hour period after
administration.
The clearance of free radioactive steroids (Fig-

ure 4 and Table II) from the plasma of normal
subjects and of patients with cancer was rapid.
The disappearance curves can be interpreted as
indicating two possible rates. The first rate is re-
lated to a pool with a half-time of approximately
11 minutes, and the second, slower rate, is re-
lated to a pool with a half-time of approximately
100 minutes.
In Figure 5 and Table III are shown the steroid

glucuronide plasma levels. Within 15 minutes fol-
lowing the injection, the counts in the plasma glu-
curonide fraction markedly exceeded those found
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FIG. 3. ExCaETION OF RDIOACTIVITY IN THE URINz FOLLoWING THE INJECTION OF C'-TESTOSTERONE
The numbers along the abscissa indicate the duration of each successive period of collection and are not cumulative.

with the unconjugated steroids. Activity declined
slowly thereafter. Since the major identifiable
conjugates in the urine are the glucuronides, it is
interesting to note that patient C. E., with im-
paired renal function and receiving testosterone,
maintained very high levels of radioactivity in the
free steroid and glucuronide fractions during the
time of study.
The counts in the sulfate conjugated steroid

fraction were about 1/20 of the levels of the glu-
curonides and essentially parallel to them. Nor-
mal subject J. L. had strikingly higher sulfate
levels than the rest of the group at 2 and 4 hours.
We have no satisfactory explanation for this
observation.
The radioactivity extractable from plasma fol-

lowing strong acid and heat hydrolysis was neg-
ligible. Similarly, negligible activity was found
when the red blood cells were extracted with ab-

solute alcohol following lysis of the cells with
water.

Patients with carcinoma of the breast cleared
the free steroid radioactivity from the plasma at
a somewhat slower rate than the remainder of the
group. Since the number of cases studied was
rather small, the possible significance of this find-
ing must await confirmation of the observation in
a larger group of similar patients.
The amount of radioactivity excreted in the bile

is shown in Figure 6. Four of the patients with
T-tube drainage excreted 11 to 14 per cent of the
radioactivity of the injected (14-testosterone in the
bile, with most of the excretion occurring in the
first 4 hours. Patient B. H. excreted 56 per cent
of the injected radioactivity in the bile, mostly
in the first 4 hours. In Figure 3 it can be seen
that this patient (B. H.) excreted much less of
the radioactivity in the urine during the first 12

I

1334



METABOLISM OF TESTOSTERONE

TABLE II

Radioacivity kvels infree steroidfraction ofplasmafollowing
injection of 4-C1ctestosterone *

15 min. 30 mlin. 60 min. 120 min. 240min.

% of injected dose per 100 ml. plasma
Subject per Kg. body weight X 104

D. S. 41.0 10.0 5.9 0.8 0.3
F. K. 34.0 23.0 11.0 3.9 1.9
I. H. 56.0 26.0 11.0 2.9 1.7
S.A. 11.0 5.1 2.3 1.9 0.4
C. P. 55.0 9.6 4.4 1.7 0.4
D. P. 38.0 15.0 4.3 1.1 0.3
J. L. 74.0 32.0 12.0 3.7 0.8
J.M. 59.0 33.0 13.0 4.3 0.3
P.U. 39.0 23.0 8.0 3.0 0.4

E. L. 45.0 26.0 9.6 5.5 1.6
Z. D. 93.0 47.0 15.0 6.6 3.8
E. S. 47.0 26.0 9.8 4.3 2.3
C. E. 70.0 34.0 25.0 13.0 8.8
H. M. 35.0 17.0 6.4 1.9 0.4
J. J. 27.0 20.0 8.8 3.8 1.4

B.H. 76.0 34.0 17.0 9.3 3.3
M. R. 64.0 23.0 15.0 7.5 3.2

In Table II the number of counts present in the 120.
minute samples was of such magnitude that the counting
did not involve a standard error from the mean greater
than 5 per cent; in the 240-minute specimens the counting
did not involve a standard error from the mean greater
than 10 per cent.

hours than any other subject in the whole group.
It should be pointed out that although this patient
had normal liver function tests preoperatively she
developed a gram-negative bacterial septicemia
with an ascending cholangitis postoperatively.
Even though the C14-testosterone study was per-
formed when the patient seemingly had made a
recovery from the infection, it is possible that the
infection may have influenced the amount of radio-
activity excreted in her bile.
The excretion of free steroids in the bile was

negligible, with most of the extractable steroids be-
ing glucuronides or sulfates. The bulk of the
radioactivity could not be extracted following the
hydrolytic procedures used. The amount not ex-
tractable from bile was even greater than that from
the urine.
The radioactivity excreted in the stools (Figure

7) of non-fistula subjects varied from 2 to 15 per
cent (average: approximately 6 per cent). Counts
in the free steroid fraction comprised the largest
amount. In the patients with T-tube drainage
the fecal radioactivity excreted ranged from less
than 0.1 per cent to 2 per cent.
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DISCUSSION

The nearly quantitative excretion of themadio-
activity in the urine following the intrvenous in-
jection of 4-C14-testosterone is at variance with
results obtained by others when excretion of non-
labelled steroid products was studied. This is not
surprising, since even with labelled testosterone
only about 50 per cent of the radioactivity could
be released and extracted following various hyr-
drolytic procedures. In addition, the estimation of
the urinary excretion of metabolites following non-
radioactive administration depended on biological
assay or the determination of 17-ketosteroids. It
is known that neither procedure would estimate
all the metabolites of testosterone in the urine.
Our findings are similar to those of Fukushima,
Dobriner, Gallagher, and Bradlow (10, 11), who
were able to recover 50 per cent of the adminis-
tered radioactivity from the urine (as crude, ether-
extractable, and neutral metabolites) during the
first 24 hours.

Gallagher, Fukushima, Dobriner and their as-
sociates (9-11) were able to extract from the
urines of their published cases from 50 to 77 per
cent of radioactivity in the neutral fractions fol-
lowing intravenous testosterone administration,
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FIG. 5. RADIOACTIVE GLUCURONIDATE STEROID LEVELS IN THE PLASMA FOLLOWING
THE ADMINISTRATION OF RADIOACrIVE TESTOSTERONE INTRAVENOUSLY

the amount extractable being dependent on the
exact hydrolytic and extractive procedures used
(9). It is interesting to note that their highest
extractable percentages occurred in those urines
on which a repeat f3-glucuronidase hydrolysis was
performed following an initial incubation with the
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enzyme and extraction at pH 1. Even though in
more than half of our cases 50 to 78 per cent of
the administered radioactivity was extracted, it is
possible that further incubation with 8-glucuroni-
dase would have released additional extractable
radioactivity. Furthermore, it is possible that in-
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cubation with f-glucuronidase for longer periods
of time, such as employed by Gallagher and as-
sociates (120 hours) (9), than used in our ex-
periments (48 hours) would have resulted in a
greater percentage of extractable counts in our

cases. In addition, the minor discrepancies be-
tween our results and those of Gallagher, Fuku-
shima, Dobriner, et al. (8-11) may possibly be
due to the larger amounts of carrier used (8.4 to
16.0 mgm.) by the above authors and differences
in the methods and rates of infusion of the Cu4-
testosterone.

Radioactive testosterone was cleared from the
plasma rapidly when compared to the clearance of
4-C14-cortisol (1-20). Within 15 minutes fol-
lowing the injection of the 4-C14-testosterone the
radioactivity in the glucuronide fraction reached
its peak and was about threefold the level in the
"free" steroid fraction. This contrasts with the
metabolism of C14-cortisol where the counts in
the glucuronide fraction achieve their peak and
equal the level in the free steroid fraction in
about 120 minutes (19). The glucuronide frac-
tion radioactivity following Q4'-testosterone
reached its peak early and declined slowly there-
after. Since the excretion of radioactive metabo-
lites in the urine during the first 4-hour period
was at least 50 per cent of the administered dose,
it indicates that testosterone had been taken up by
tissues and its glucuronide-conjugated metabolites
released slowly over that period. Even though
the differences in the methods used make absolute
comparison difficult, the clearances of C14-testos-
terone from plasma and of radioactivity of the con-

jugates in our studies give distributional findings
similar to those of West, Tyler, Brown, and
Samuels (7) following the administration of large
doses of non-radioactive testosterone.
The free steroids disappeared from the plasma

with at least two different rates, an initial fast
rate and a subsequent much slower rate. This may
indicate that at least two different metabolic pools
exist or that the initial rate is that of 4-C14-testos-
terone clearance from the plasma and the subse-
quent slower rate that of a "free" steroid metabo-
lite of testosterone. Patient C. E. cleared the C4_
testosterone from her plasma slower than any

other patient in the group. We believe this was

due to impaired liver function in the patient, since
it has been shown that the liver plays an important

8

76

20

FIG. 7. ExcRETION OF RADIOACTIVITY IN THE STOOLS
OF 14 SUBJECTS FOLLOWING THE INJECTION OF C1-
TESTOSTERONE

role in the metabolism of free steroids, although
other factors in this lady may also have played a

part.
The urinary excretion of metabolites following

4-C14-testosterone injection, even though it varied
somewhat from subject to subject with respect to
the amounts of radioactivity released by the various
hydrolytic procedures, showed an essentially con-

TABLE III

Radioactivity levels in steroid glucuronidatefraction of plasma
foUowing injection of 4-C1Ltestosterone

15 min. 30 min. 60 min. 120 min. 240 min.

% of injected dose per 100 ml. plasma
Subject per Kg. body weight X 104

D. S. 52 53 38 31 23
F. K. 61 111 98 85 38
I. H. 165 165 126 88 78
S. A. 29 21 26 17 11
C. P. 39 36 29 21 18
D. P. 143 157 109 70 44
J. L. 99 98 63 47 21
J. M. 284 231 244 155

. U. 79 50 21
E. L. 75 101 85 42
Z. D. 241 200 168 124 103
E. S. 112 108 98 79 76
C. E. 245 268 263 206 200
H. M. 189 144 129 81 37
J. J. 99 101 34 32 27
B. H. 151 128 130 114 85
M. R. 124 111 103 82 44
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TABLE IV

Rsdioactivty leels in steroid sulfate fraction of plasma
following injection of 4-C4-testosterone
15 min. 30 min. 60 min. 120 min. 240 min.

% of injected dose per 100 ml. plasma
Subject per Kg. body weight X 104

D. S. 5.9 11.0 3.1 5.2 8.0
F. K. 5.8 5.6 5.4 6.8 5.7
I. H. 6.9 6.7 5.0 7.2 5.9
S. A. 5.9 6.1 6.2 6.7 4.1
C. P. 1.9 7.7 8.6 6.7 8.0
D. P. 13.0 12.0 9.5 2.8 2.8
J. L. 5.4 7.2 7.7 18.0 34.0
J. M. 4.6 3.2 5.5 2.0
F.U. 4.7 2.9 0.8
E. L. 1.0 2.5 4.1 3.3
Z. D. 14.0 6.3 4.7 10.5 4.7
E. S. 4.8 7.1 5.5 9.9 3.6
C. E. 13.0 12.0 8.1 11.0 5.1
H. M. 6.2 6.1 7.6 6.3 3.8
J. J. 7.1 5.5 5.4 6.4 3.5
B.H. 7.2 8.4 4.7 3.7 3.5
M.R. 5.1 4.1 4.5 4.6 2.0

sistent pattern. The preponderant part of the ra-

dioactivity was excreted in the first 4 hours follow-
ing injection, except for patient C. E. who had
impaired renal function and was receiving large
doses of intramuscular testosterone propionate. It
is likely that impaired renal function in patient
C. E. played a part in the abnormal excretion. The
role of large doses of non-radioactive testosterone
is difficult to evaluate.
About 50 per cent of the radioactivity was ether

or chloroform extractable following the various
hydrolytic procedures, with the bulk being in the
form of glucuronides. The amount of free steroid
excreted in the urine, except for a few specimens
in normal subjects I. H. and J. L., was very small
when compared to the amount excreted in conju-
gated forms.
The urinary excretion of radioactivity during

the first 4 to 8 hours following C14-testosterone
injection was almost double that following C14-
cortisol administration and may be related to the
faster metabolism of the former steroid (18-20).
The amount of radioactivity excreted in the bile

averaged 12 per cent of the injected dose, ex-

clusive of patient B. H. who excreted 56 per cent.
This patient had recently had ascending cholangi-

tis and it is possible that her substantial biliary ex-

cretion was related to that. The findings in the
present study regarding the biliary route of ex-

cretion of C14-testosterone and its metabolites dif-

fer from those observed in animals. As con-
trasted to human subjects, animals (rats, mice,
dogs) excrete most of the administered testos-
terone in the bile and very little in the urine (12-
14). These differences make comparisons re-
garding metabolism of testosterone among various
species unreliable. Even though Burstein, Ungar,
Gut, and Dorfman (15) have reported that most
of the radioactivity following administration of
C14-testosterone to guinea pigs appeared in the
urine, the possibility of substantial biliary excre-
tion of radioactivity with subsequent intestinal
reabsorption cannot be excluded.

It has been shown that 1 to 5 per cent of radio-
activity following intravenous CG4-cortisol adminis-
tration is excreted in the bile of human subjects
(19, 20). On the other hand, at least 30 to 60 per
cent of radioactivity following CG4-progesterone
(21), C14-estrone or C14-estradiol administration
is excreted in the bile of man (22).
The fecal excretion of radioactivity in patients

without T-tube drainage averaged about 6 per
cent. It is apparent that some reabsorption of
testosterone metabolites must occur in the gastro-
intestinal tract. The small amounts (1 per cent)
of radioactivity present in the stools of patients
with T-tubes may be due either to excretion of
radioactivity in gastrointestinal juices or to the
escape of small amounts of bile. The fecal excre-
tion of radioactivity in our series is comparable to
the results of Fukushima, Bradlow, Dobriner, and
Gallagher ( 11 ).

Essentially, no unconjugated steroids were pres-
ent in the bile and the percentage extractable after
the various hydrolytic procedures fell far short of
the percentages in the urine. On the other hand,
the unconjugated (free) steroids constituted a ma-
jor part of the steroids in the stools. Since it has
been demonstrated that human stools contain
,B-glucuronidase and phenolsulfatase activities (20,
23), it is possible that some of the steroid conju-
gates originating from the bile are cleaved by the
fecal enzymes.

SUMMARY

4-C14-testosterone has been administered intra-
venously to 20 human subjects. The radioactivity
was excreted almost quantitatively in the urine in
48 hours with over 50 per cent in the first 4 hours.
About 50 per cent of the radioactivity could be
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extracted from urine following different hydrolytic
procedures. C14-testosterone was cleared from
the plasma rapidly with at least 2 separate rates.
These 2 pools had half-lives of 11 and 100 min-
utes. The conjugated metabolites of C14-testos-
terone reached their peak in the plasma within 15
minutes following the injection of the steroid.
From 12 to 14 per cent of the injected radioactivity
was excreted in the bile of subjects with T-tube
drainage and only 6 per cent in the stools of pa-

tients having no T-tube, which probably indicates
reabsorption of steroids from the gastrointestinal
tract. The metabolites in bile were in conjugated
form, whereas a great part of the radioactivity in
the stools was in the free form.

ACKNOWLEDGMENTS

We wish to thank Dr. John Paine, Professor of
Surgery, University of Buffalo Medical School, for his
interest in the study and for his cooperation in making
available to us patients with T-tube drainage. We wish
to thank Miss Lucille Pucko and Mr. Larry Beecher for
technical assistance.

REFERENCES

1. Dorfman, R. I., Cook, J. W., and Hamilton, J. B.,
Conversion by the human of the testis hormone,
testosterone, into the urinary androgen, andros-
terone. J. Biol. Chem., 1939, 130, 285.

2. Callow, N. H., The isolation of two transformation
products of testosterone from urine. Biochem. J.,
1939, 33, 559.

3. Dobriner, K., and Lieberman, S., Steroid metabolism
in humans in A Symposium on Steroid Hormones.
Edited by E. S. Gordon, Madison, The University
of Wisconsin Press, 1950, p. 46.

4. Lieberman, S., Dobriner, K., Hill, B. R., Fieser, L. F.,
and Rhoads, C. P., Studies in steroid metabolism,
II. Identification and characterization of ketos-
teroids isolated from urine of healthy and diseased
persons. J. Biol. Chem., 1948, 172, 263.

5. Lieberman, S., Fukushima, D. K., and Dobriner, K.,
Studies in steroid metabolism, VII. Identification
and characterization of additional ketosteroids
isolated from urine of healthy and diseased per-
sons. J. Biol. Chem., 1950, 182, 299.

6. West, C. D., Reich, H., and Samuels, L. T., Uri-
nary metabolites after intravenous injection of
human subjects with testosterone. J. Biol. Chem.,
1951, 193, 219.

7. West, C. D., Tyler, F. H., Brown, H., and Samuels,
L. T., The role of the liver and kidneys in the
metabolism of intravenous testosterone by human
subjects. J. Clin. Endocrinol., 1951, 11, 897.

8. Gallagher, T. F., Fukushima, D. K., Barry, M. C.,
and Dobriner, K., Studies with isotopic steroid
hormones. Recent Progress in Hormone Research,
1951, 6, 131.

9. Gallagher, T. F., Bradlow, H. L., Fukushima, D. K,
Beer, C. T., Kritchevesky, T. H., Stokem, M.,
Eidinoff, M. L., Hellman, L., and Dobriner, K,
Studies of the metabolites of isotopic steroid hor-
mones in man. Recent Progress in Hormone Re-
search, 1954, 9, 411.

10. Fukushima, D. K., Dobriner, K., and Gallagher, T. F.,
Studies with testosterone-d in normal men. J. Biol.
Chem., 1954, 206, 845.

11. Fukushima, D. K., Bradlow, H. L., Dobriner, K., and
Gallagher, T. F., The fate of testosterone infused
intravenously in man. J. Biol. ChemL, 1954, 206,
863.

12. Ashmore, J., Elliott, W. H., Doisy, E. A., Jr., and
Doisy, E. A., Excretion of the metabolites of
testosterone-4-C1' in the rat. J. Biol. Chem., 1953,
200, 661.

13. Barry, M. C., Eidinoff, M. L., Dobriner, K., and
Gallagher, T. F., The fate of C14-testosterone and
C14-progesterone in mice and rats. Endocrinology,
1952, 50, 587.

14. Paschkis, K. E., Cantarow, A., Rakoff, A. E., Han-
sen, L., and Walking, A. A., Excretion in the dog
of androgens and estrogens in the bile following
injections of androgens. Proc. Soc. Exper. Biol.
& Med., 1944, 55, 127.

15. Burstein, S., Ungar, F., Gut, M., and Dorfman, R. I.,
Metabolism of testosterone-3-C" in the guinea pig.
Endocrinology, 1955, 56, 267.

16. Rubin, B. L., Dorfman, R. I., and Miller, M., Andro-
gen excretion in human bile. Endocrinology, 1952,
51, 463.

17. Fujimoto, G. I., Labeling of steroids in the 4-posi-
tion. J. Am. Chem. Soc., 1951, 73, 1856.

18. Hellman, L., Bradlow, H. L., Adesman, J., Fukushima,
D. K., Kulp, J. L., and Gallagher, T. F., The
fate of hydrocortisone-4-C14 in man. J. Clin. In-
vest., 1954, 33, 1106.

19. Migeon, C. J., Sandberg, A. A., Decker, H. A., Smith,
D. F., Paul, C. A., and Samuels, L. T., Metabolism
of 4-C14-cortisol in man: body distribution and
rates of conjugation. J. Clin. Endocrinol. &
Metab., 1956, 16, 1137.

20. Peterson, R. E., Wyngaarden, J. B., Guerra, S. L.,
Brodie, B. B., and Bunim, J. J., The physiological
disposition and metabolic fate of hydrocortisone
in man. J. Clin. Invest., 1955, 34, 1779.

21. Wiest, W. G., Fujimoto, G. I., and Sandberg, A. A.,
Metabolism of progesterone-4-C1' in man. Federa-
tion Proc., 1955, 14, 304.

22. Sandberg, A. A., and Slaunwhite, W. R., Jr., Unpub-
lished observations.

23. Stimmel, B. F., Reduction of radioactive estrone to
estradiol by human feces. Federation Proc., 1954,
13, 305.

1339


